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By Richard J. Margason and Alexander D. Hammond 
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SIJMARY 
Results are presented of a wind-tunnel investigation on the static lateral 
and directional control capabilities of a two-propeller deflected-slipstream 
STOL airplane in the take-off and landing speed range. 
. 
The results show that neither the ailerons nor differential propeller 
thrust alone provide adequate lateral-directional control but they indicate 
that the lateral-directional control characteristics of the aileron were good 
when used in conjunction with differential propeller thrust as expected. The 
results also indicate that rolling moments which are large enough for lateral 
control even with the single engine-out condition can be obtained from a full- 
span slot lip aileron (spoiler), but that some adverse yawing moment is produced. 
INTRODUCTION 
Most short take-off and landing (STOL) airplanes which use large flaps to 
deflect the propeller slipstream to achieve the high-lift coefficients required 
for flight at low speed use the differential thrust of the propellers (differ- 
ential blade angle) combined with differential flap deflection to provide lat- 
eral and directional control at low speeds. (For example, see refs. 1 and 2.) 
This method of obtaining control was originally conceived for use with VTOL con- 
figurations (refs. 3, 4, and 5) and STOL airplanes which achieve a large part 
of their lift by deflecting the propeller slipstream and must therefore obtain 
their control by modulating and vectoring the deflected slipstream. Little 
attention has been paid to alternate means of obtaining control. 
The present investigation was undertaken to investigate the possible use 
of slot lip ailerons (spoilers) for lateral control of a deflected slipstream 
STOL configuration. 
The investigation was conducted in the 17-foot test section of the Langley 
300~MPR 7- by lo-foot tunnel and covered a range of flap deflections and power 
conditions representing the take-off, cruise (flaps retracted), and landing 
regions of flight. Data on the effectiveness of differential thrust and differ- 
ential deflection of the rear-flap element as lateral-control devices are - 
included for comparison. 
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SYMBOLS 
wing span, ft 
wing chord, 1.29 ft 
Drag drag coefficient, - 
qs 
lift coefficient, y 
propeller thrust coefficient based on free-stream velocity and 
wing area T/qS 
propeller thrust coefficient based on slipstream velocity and 
propeller disk area, Tlcpp 
rolling-moment coefficient, Rolling moment 
(2% 
yawing-moment coefficient, Yawing moment 
q= 
coefficient due to control deflection For example, 
E2 = C2(spo. ller deflected) - c2 
( 
(no spoiler deflection) 1 
difference in propeller thrust due to asymmetric power, 
MT = CT 
(left motor) - CT(right motor) 
propeller diameter, ft 
height of horizontal-tail chord above wing chord, ft 
tail length measured from wing quarter chord to horizontal-tail 
quarter chord, ft 
number of propellers 
dynamic pressure, lb/sq ft 
Qs 
T slipstream dynamic pressure, q + --, 
N% 
sq ft 
S wing area, sq ft 
sP propeller disk area, 
3cD2 -, sq ft 
4 
T total propeller thrust, lb 
v free-stream velocity, ft/sec 
a angle of attack, deg 
P propeller pitch angle, deg 
6 deflection of movable surface (with subscript to denote surface 
deflected), deg 
spoiler deflection measured normal to upper surface of wing in 
fraction of wing chord 
P air density, slugs/cu ft 
Subscripts: 
a aileron 
f flap (see fig. 3) 
2 lower 
t tail 
U 
V 
upper 
vane (see fig. 3) 
W wing 
MODEL AND APPARATUS 
A three-view drawing and photographs of the model are presented in fig- 
ures 1 and 2, respectively. The wing had an NACA 4415 airfoil section, a 
15.%-inch chord, was unswept, and had a span of either 5 feet or 7 feet with a 
corresponding aspect ratio of either 3.87 or 5.42. The variation of the wing 
span was accomplished by removable outboard-wing panels on each side of the 
model. The wing contour was formed with faired wooden blocks fastened to a 
metal spar which supported the two motor nacelles and the fuselage spine as 
well as the brackets which held the spoiler and flap system. The wing was 
3 
equipped with a full-span slot lip aileron (spoiler) having a chord equal to 
15.5 percent of the wing chord which was tested over a range of spoiler projec- 
tions from 0- to 8-percent wing chord on the basic wing as well as on the wing 
with high-lift flaps. 
The double slotted high-lift flap system consisted of a X)-percent wing- 
chord vane and a 40-percent wing-chord flap. The vane had a St. Cyr 156 airfoil 
section and the flap had a modified Rhode St. Genese 35 airfoil section over the 
forward 30 percent of its chord which faired into the wing airfoil section over 
the rear 70 percent of the flap chord. The flap and vane ordinates, as well as 
the flap and vane positions, when deflected, are given in figure 3. The flap 
was used as a full-span aileron for some of the tests and was deflected differ- 
entially about the 45O and 75' flap deflections. 
The horizontal tail had an NACA 4415 airfoil section which was modified to 
have a g-percent maximum thickness and was mounted inverted to provide an 
inverse camber on the horizontal tail. A tail incidence of -7" was used for 
the tail-on lateral control tests presented in this report. 
Since no directional stability tests were included in the investigation, 
the vertical tail served only as a support for the horizontal tail. The verti- 
cal surface consisted of a sheet of l/2-inch aluminum with a rounded leading 
edge and a beveled trailing edge. 
The three-blade propellers were made of balsa covered with glass fiber 
cloth and were driven by water-cooled variable-frequency electric motors oper- 
ated in parallel from a variable-frequency power supply, which kept the motor 
speeds matched within 20 revolutions per minute. The speed of rotation of each 
propeller was determined by a stroboscopic indicator which received the output 
frequency of small alternators connected to each motor shaft. For all the tests 
the.right propeller rotated in a clockwise direction and the left propeller 
rotated in a counterclockwise direction when viewed from the rear of the model. 
During most of the tests the speed of rotation was maintained at 6,000 revolu- 
tions per minute. The thrust coefficient was varied by changing the wind-tunnel 
speed. 
The motors were mounted inside aluminum-alloy nacelles by means of strain- 
gage beams so that the propeller thrust could be measured. The total lift, 
longitudinal force, rolling moment, yawing moment, and side force were meas- 
ured by a strain-gage balance mounted to the fuselage at the wing quarter 
chord. However, the sensitivity of the balance to side force was such that this 
component could not be obtained with sufficient accuracy; therefore, no side- 
force data are presented. 
TESTS AND COFiFU3CTIONS 
The investigation was made in the 17-foot test section of the Langley 
300~MPEt 7- by lo-foot tunnel. The free-stream dynamic pressure varied from 
about 1.5 to 5.3 pounds per square foot depending on the desired thrust coef- 
ficient. The slipstream dynamic pressure was relatively constant at about 7.5 
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for all thrust coefficients. A free-stream dynamic pressure of about 6.0 pounds 
per square foot was used for the propeller-off tests. For the powered tests 
the Reynolds number in the slipstream based on wing chord averaged about 
0.65 x 106; for the propeller-off tests the Reynolds number in the free stream 
averaged about 0.58 x 106. Since errors due to blockage, slipstream contrac- 
tion, and tunnel wall effects have not been determined exactly but have been 
found to be small for models of this size in the 17-foot test section (ref. 6), 
no corrections for these errors have been applied to the data. 
The propeller thrust data have been presented as conventional thrust coef- 
ficients nondimensionalized by the product of free-stream dynamic pressure and 
wing area CT ( =T%)- In some cases it is desirable to use the propeller thrust 
coefficient based on slipstream velocity and propeller disk area. Figure 4 pre- 
sents a plot of the relation between these two thrust coefficients for the two 
wing areas used in this investigation. 
PRESENTATION OF RESULTS 
The results of the investigation are grouped either by control devices or 
by the appropriate test variable; within each group complete data for a partic- 
ular model configuration are presented. The seven model configurations for 
which data are presented are described in the following table: 
Configuration Span, b, 
ft 
- 
Vane 
deflection, h, 
deg 
0 
0 
20 
20 
0 
20 
20 
Flap 
deflection, 6f, 
de&? 
;;.; 
75:o 
405.0 
75.0 
These flap deflections can be interpreted as representations of the fol- 
lowing flight conditions. Configurations A and E (6f = O") represent cruise 
configurations; configuration B (6f = 32.50) represents a transition configura- 
tion from the take-off configuration or to the landing configuration; configu- 
rations C and F (6f = 45O) represent possible take-off or landing configura- 
tions; and configurations D and G (6f = 750) represent a landing configuration. 
The data are presented in the following figures: 
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Effect of flap deflection: 
Figure 
. . . . . . . 5 to 6 Short span...................... 
Effect of aileron deflection: 
Long span (6f = 45' and 75O) . . . . . . . . . . . . . 
Short span (6f = 45O and 75O) . . . . . . . . . . . . 
Summaryplots . . . . . . . . . . . . . . . . . . . . 
Effect of differential propeller thrust: 
Long span (6f = 45O and 75O) . . . . . . . . . . . . . 
Summaryplots . . . . . . . . . . . . . . . . . . . . 
Combination of aileron and differential propeller thrust 
Effect of spoiler projection: 
....... 7 to 8 
....... g to 10 
....... 11 
....... 12 to 13 
....... 14 to 15 
....... 16 
Long span (6f = O", 32.5O, 45O, and 75') . . . . . . . ....... 17to 20 
Short span (6f = O", 45O, and 75O) . . . . . . . . . . ....... 21 t0 23 
Summaryplots . . . . . . . . . . . . . . . . . . . . ....... 24 to 31 
All the data presented on rolling moment and yawing moment represent the 
increments due to the control device. For these data, the small amount of asym- 
metry present in the appropriate zero control deflection configuration has been 
subtracted from the data obtained for the various lateral-directional control 
devices. 
DISCUSSION OF RESULTS 
This report contains a discussion of the more significant results of a 
wind-tunnel investigation of a two-propeller deflected-slipstream STOL airplane 
model. No attempt has been made to analyze the data completely. The lateral 
and directional control produced by the flap deflected differentially as an 
aileron, by differential propeller thrust, and by a slot-lip aileron (spoiler) 
are shown. 
A preliminsry investigation of the effectiveness of the flap system at 
several thrust coefficients was undertaken to provide a basis for choosing the 
flap deflections to be used in the lateral control investigation. This prelim- 
inary investigation was conducted with the short-span configuration. The 
results are presented in figure 5 and summarized in figure 6. 
Effect of Aileron Deflection 
The effects of aileron deflection on configurations C and D (long span, 
6f = 450 and 6f = 75O) and configurations F and G (short span, 6f = 450 
and 6f = 75O) are presented in figures 7 to 10. The summary plots are pre- 
sented in figure 11; the change to a larger scale as compared with figures 7 
to 10 should be noted. These figures show that the rolling moment obtained by 
deflection of ailerons on the left wing was small and that the yawing moments 
created were as large as the rolling moments. They also show for configura- 
tions C and F (6f = 45O) that the rolling moment increases with increasing 
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differential flap deflection and for configurations D and G (6f = 75O) that the 
rolling moment decreases with increasing differential flap deflection. 
Effect of DifferentiaL Propeller Thrust 
The basic data for configurations C and D (long span, 6f = 45O and 
6f = 75O) showing the effect of differential propeller thrust are presented in 
figures 12 and 13. A comparison of the effects of differential.thrust at sev- 
eral thrust coefficients is presented in figures 14 and 15. (Note that the 
scale is larger than that in figs. 12 and 13.) The data were obtained by making 
tests with a speed of 6,000 rpm with the left motor and with speeds of 7,000 r-pm, 
6,000 rpm, 5,000 rpm, and 0 rpm (propeller off) with the right motor on succes- 
sive runs. Moderate values of rolling.moment and yawing moment are obtained by 
configuration C (6f = 45O), whereas configuration D (6f = 75O) produces moderate 
rolling moments but only negligible yawing moments. 
Combination of Aileron and Differential 
Propeller Thrust for Control 
The investigation of the effectiveness of ailerons and differential thrust 
indicates that neither of these, when used alone, produces satisfactory control. 
The large yaw due to roll and the relatively low roll effectiveness of the dif- 
ferentia.lly deflected flap make it necessary to couple this control with the 
propeller pitch control to provide for a good lateral-directional control 
system. 
An example of the lateral and directional control effectiveness which can 
be realized from coupling the aileron and propeller pitch together for the long 
span configuration with 45' flap deflection can be determined from the data of 
figures 7(c) and 12(c). The effectiveness of this combination as a roll control 
is shown in figure 16(a) which shows a comparison of the rolling and yawing 
moments resulting from 20° of aileron deflection compared with a combination of 
this aileron deflection with the equivalent to approximately loo total (*5O) 
propeller pitch. The use of *5O blade angle in this example is high when com- 
pared with the airplanes in references 1 and 2 which use only about half this 
amount for control during normal take-off and landing conditions. The results 
indicate a large increase in roll, when compared with the aileron alone, and a 
very small net yaw due to roll with the combined lateral control system. Simi- 
larly, the effectiveness of the combination when used as a yaw control is shown 
in figure 16(b) which again shows a comparison of the yawing and rolling moments 
of the combination of the aileron and differential propeller pitch with the 
aileron alone. The combination of the aileron and differential propeller pitch 
as a yaw control results in a substantial increase in yaw, when compared with 
the aileron alone and results in very small levels of roll due to yaw at low 
angles of attack with an increase in roll due to yaw in the high angle-of-attack 
range. 
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This example indicates the type of lateral-directional control characteris- 
tics obtained by a particular combination of the moments due to aileron deflec- 
tion and due to differential propeller thrust at a given basic flap deflection 
.of 45% The results for the 75' flap deflections (figs. 8, 10, and 13) show 
that similar levels of roll and yaw control must be obtained by a different 
combination of these moments. This change in combination can be achieved in a 
practical application by a mechanical device which mixes the various amounts of 
aileron deflection and differential propeller thrust at different flap deflec- 
tions to obtain the necessary control throughout the required range. 
Effect of Spoiler Projection 
The basic data for all the configurations showing the effect of spoiler 
projection on the longitudinal and lateral aerodynamic characteristics are pre- 
sented in figures 17 to 23 for all the configurations investigated (configura- 
tions A to G). Summary plots showing the variation of the rolling and yawing 
moments with spoiler projection at an angle of attack of 4' for several thrust 
coefficients are presented in figures 24 to 30 for the configurations investi- 
gated. The tests were made with the spoiler projected on the left wing. The 
data indicate that for the cruise conditions (6f = O") on both the short and 
long span configurations (figs. 17 and U), the roll effectiveness was rela- 
tively small when compared with that for the take-off and landing configurations. 
However, it is felt that the roll effectiveness obtained on both of the cruise 
configurations is of an acceptable level. The increased roll effectiveness 
obtained with the double slotted flap deflected will be required at the take- 
off and landing approach speeds to provide adequate lateral control in these 
critical flight areas. 
In addition, there was some yawing moment produced which must be trimmed 
by the directional control system with an additional increment left over in 
order to provide an adequate level of directional control. The yawing moment 
produced by spoiler projection was somewhat less for the long-span configura- 
tions (configurations A to D) than for the corresponding short-span configura- 
tions (configurations E to G). 
In order to compare more easily the levels of rolling and yawing moment 
developed by spoiler projection with those obtained by each of the two control 
devices discussed previously, a summar y of the data obtained for the control set- 
tings tested is presented in figure 31. These summary plots show, for an angle 
of attack of 4O, the variation of rolling and yawing moments due to differential 
flap deflections (aileron deflection), differential propeller thrust, and 
spoiler projection. It should be noted that the data for spoiler projection 
have been plotted for a spoiler located on the right wing. Since the model was 
tested by projecting the spoiler on the left wing, this procedure changes the 
sign of the rolling and yawing moments from that for the data previously pre- 
sented. This was done so that most of the rolling moments in figure 31 would 
have the same sign and could then be more easily compared. These results are 
not intended as a complete presentation of the control capabilities of these 
devices. For example, the differential flap deflections presented do not cover 
the entire range available although the differential propeller thrust settings 
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include the maximum possible range. This maxImum range is obtained by removing 
one of the propellers and operating the remaining propeller at full power. 
These single-engine-out cases are represented for each thrust coefficient by 
the solid data points. The values at these points represent the maximum rolling 
moments which can be obtained by differential propeller thrust for each thrust 
coefficient. It should be noted in figure 31 by comparing the rolling moments 
described with those presented for spoiler projection that these single-engine- 
out rolling moments can be trimmed by spoiler projections. For example, in 
figure 31(a) for a thrust coefficient of 1.6, the engine-out rolling moment can 
be trimmed by a spoiler projection of 0.046~. 
SUMMARYOFlUG3lLTS 
The wind-tunnel investigation of the lateral-directional control character- 
istics of a l/5-scale model of a two-propeller deflected slipstream STOL air- 
plane indicates the following results: 
1. Neither the ailerons nor differential propeller thrus% alone provide 
adequate lateral-directional control but they indicate that the lateral- 
directional control characteristics of the aileron were good when used in con- 
junction with differential propeller thrust. 
2. Rolling moments which are large enough for lateral control even with 
the single-engine-out condition can be obtained from a full-span slot lip aile- 
ron (spoiler), but some adverse yawing moment is produced. 
Langley Research Center, 
National Aeronautics and Space Administration, 
Langley Station, Hampton, Va., June 29, 1964. 
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Wing: 
Airfoil section 
Chord, ft 
Short span: 
Area, sq ft 
Span, ft 
Aspect ratio 
Long span: 
Area, sq ft 
Span, ft 
Aspect ratio 
Horizontal tail: 
Area, sq ft 
Span, ft 
Chord, ft 
Aspect ratio 
It/wing chord 
ht/wing chord 
Propellers: 
Diameter, ft 
Nacelle diameter, ft 
Number of blades (each) 
NACA 4415 
1.29 
6.46 
5.00 
3.67 
9.04 
7.00 
5.42 
. 
2.88 
3.00 
.96 
3.13 
2.67 
.94 
2.00 
.33 
3 
t 
24GO n 
90.66.79 
S/a. 78.29 
I 
, 
S&2440 
sio.74/5; 
Mameni cenier far 
-Moment center far 84 in. span. 
Figure l.- Three-view drawing of +scale model and table of geometric characteristics. All dimensions are in inches 
unless otherwise noted. 
(a) Top quarter front view. L-63-9676 
Figure 2.- Photograph of the model In the wind tunnel. 
. 
(b) Lower quarter front view. ~-63-9677 
Figure 2.- Concluded. 
sta ,585 
(0) Plain wing (NACA 4415 airfoil). 
Sfo..600 Sfo.7zZ 
(bl Flap deflected 32.5: 
(cl Flop deflected 459 fdl Flop deflected 75: 
Vane ordinates 
St. Cyr 156 section 
x/c Y,/C YL/C 
.oooo .oooo -.oooo 
.0125 .0381 -.0268 
.0250 .0522 -. 0339 
.0500 .0739 - .0409 
.0750 .0905 -.0446 
.lOOO .1039 -.0448 
.1500 .1269 - .0409 
.2000 .1440 -.0300 
.3000 .1630 -.0140 
.4000 .1660 .OOlO 
.5000 .1600 .0180 
.6000 .1440 .0300 
.7000 .1170 .0320 
.a000 .0830 .0300 
.9000 .0484 .0180 
.9500 .0274 .0107 
1.0000 .0065 .oooo 
Flap ordinates 
X/C Y,/C Yl/C 
.oooo .oooo -.oooo 
.0125 .0460 -.0290 
.0250 .0645 -.0387 
.0500 .0919 -.0435 
.0750 .1145 -.0460 
.lOOO .1306 -.0468 
.1500 .1516 -.0444 
.2000 .1621 -.0420 
.3000 .1677 -.0373 
.4275 .1532 -.0312 
.5000 .1387 -.0278 
.6275 .1065 -.0217 
.7500 .0769 -.0159 
.8750 .0435 -.OlOO 
1.0000 .0040 -.0040 
Figure 3.- Geometric characteristics of wing section showing flap deflection. All dimensions are in fraction of wing 
chord unless otherwise noted. 
cr 
Figure 4.- Slipstream thrust coefficient plotted as a function of free-stream thrust coefficient for the 
CT two wing spans. CT,~ = p. 
NSP 
cT - 7 
8 
. -4 0 4 8 I2 I6 20 24 28 -2 -1 0 I 2 3, 4 
=, deg CD 
(a) C$ = 0 (propellers off). 
Figure 5.- Effect of flap deflection on longitudinal characteristics for the short-span model at several thrust 
coefficients and at two vane deflections. 
0 4 8 12 /6 20 24 28 -2 -/ 0 2 3 4 
0, dw CD 
(b) CT = 1.0. 
Figure 5.- Continued. 
28 
2.0 
CT 
I.6 
I.2 
.8 
. 
.4 
4 0 4 8 12 16 20 24 28 
a, deg 
(b) Concluded. 
Figure 5.- Continued. 
18 
8 
7 
6 
5 
4 
CL 
3 
2 
0 
-4 0 4 
(c) cTf = 1.9. 
Figure 5.- Continued. 
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(c) Concluded. 
Figure 5.- Continued. 
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(d) CT = 3.7. 
Figure 5.- Continued. 
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-4 0 4 8 /2 16 20 24 28 
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(d) Concluded. 
Figure 5.- Continued. 
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(e) C$ = 0 (propellers off). 
Figure 5.- Continued. 
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(f) CT = 1.0. 
Figure 5.- Continued. 
a, dw 
(f) Concluded. 
Figure 5.- continut2a. 
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(d CT = 1.9. 
Figure 5.- Continued. 
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(g) Concluded. 
Figure 5.- Continued. 
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a, deq CD 
Figure 5.- Continued. 
-4 0 4 8 /z /6 20 24 28 
0, deg 
(h) Concluded. 
Figure 5.- Concluded. 
29 
0 /o 20 30 40 50 60 70 80 
&,deg 
90 
Figure 6.- Variation of lift coefficient with flap deflection for the short-span wing at a = 0'. 
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8 
6 
5 
cL 4 
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I 
0 
-I 
-4 0 4 8 12 I6 20 24 28 -2 0 I 2 3 4 
a, deg CD 
(a) C+ = 0.9. 
Figure 7.- Effect of aileron deflection on configuration C (long span, Sf = 45') at several thrust coefficients. 
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28 
24 
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(a) Continued. 
Figure 7.- Continued. 
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Figure 7.- Continued. 
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Figure 7.- Continued. 
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(b) Continued. 
Figure 7.- Continued. 
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Figure 7.- Continued. 
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Figure 8.- Effect of aileron deflection on configuration D (long span, 6f = 75O) at several thrust coefficients. 
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Figure 8.- Continued. 
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Figure 8.- Continued. 
3.6 
2.8 
2.4 
2.0 
CT 
/.6 
.8 
0 4 8 12 /6 20 24 28 
(c) Continued. 
Figure 8.- Continued. 
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Figure 8.- Concluded. 
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(a) CT = 1.3. 
Figure 9.- Effect of aileron deflection on configuration F (short span, 6f = 45O) at several thrust coefficients. 
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Figure 9.- Continued. 
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Figure 9.- Concluded. 
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Figure lO.- Effect of aileron deflection on configuration G (short span, 6f = 75’) at several thrust coefficients. 
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Figure lo.- Continued. 
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(a) Configuration C (long span, 6f = 45’). 
Figure ll.- Sumnary of the rolling-moment coefficient and yawing-moment coefficient produced at a = 4' by aileron 
deflection at several thrust coefficients. 
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Figure ll.- Continued. 
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(a) Lift coefficient as a function of angle of attack and of drag coefficient at basic CT = 0.9. 
Figure 12.- Effect of differential propeller thrust on configuration C (long span, 6f = 45O) at several thrust coefficients. 
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(a) Continued. Total thrust coefficient at basic C-JJ = 0.9. 
Figure 12.- Continued. 
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(a) Continued. Thrust coefficient for left motor at basic C, c 0.9. 
Figure 12.- Continued. 
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Figure 12.- Continued. 
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Figure 12.- Continued. 
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(b) Lift coefficient as a function of angle of attack and of drag coefficient at basic clr = 1.6. 
Figure 12.- Continued. 
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(b) Continued. Total thrust coefficient at basic CT = 1.6. 
Figure 12.- Continued. 
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(b) Continued. Thrust coefficient for left motor at basic C, E 1.6. 
Figure 12.- Continued. 
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(b) Continued. Thrust coefficient for right motor at basic C, = 1.6. 
Figure 12.- Continued. 
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(b) Concluded. Rolling-moment coefficient and yawing-moment coefficient at basic CT z 1.6. 
Figure 12.- Continued. 
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(c) Lift coefficient as a function of angle of attack and of drag cwfhcient at,basic C, z 2.7. 
Figure 12.- Continued. 
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Figure 12.- Continued. 
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(c) Continued. Thrust coefficient for right motor at basic % = 2.7. 
Figure 12.- Continued. 
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Figure 12.- Concluded. 
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(a) Lift coefficient as a function of angle of attack and of drag coefficient at basic CT = 0.9. 
Figure 13.- Effect of differential propeller thrust on configuration D (long span; 6f = 75’) at sever41 thrust coefficients. 
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(a) Continued. Total thrust coefficient at basic GJ = 0.9. 
Figure 13.- Continued. 
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(a) Continued. Thrust coefficient for left motor at basic CT = 0.9. 
Figure 13.- Continued. 
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(a) Continued. ?&rust coefficient for right motor at basic C$ = 0.9. 
Figure 13.- Continued. 
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(a) Concluded. Rolling-moment coefficient and yawing-moment coefficient at basic 0, = 0.9. 
Figure 13.- Continued. 
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(b) Lift coefficient as a function of angle of attack and of drag coefficient at basic C, = 1.6. 
Figure 13.- Continued. 
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Figure 13.- Continued. 
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(b) Continued. Thrust coefficient for left motor at basic CT 2: 1.6. 
Figure 13.- Continued. 
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(b) Continued. Thrust coefficient for right motor at basic CT = 1.6. 
Figure 13.- Continued. 
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Figure 13.- Continued. 
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(c) Lift coefficient as a function of an@e of attack and of drag coefficient at basic 0, = 2.7. 
Figure 13.- Continued. 
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(c) Continued. Total thrust coefficient at basic C, E 2.7. 
Figure 13.- Continued. 
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(c) Continued. Thrust coefficient for left motor at basic CT = 2.7. 
Figure 13 .- Continued. 
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(c) Continued. !C'hust coefficient for right motor at basic q = 2.7. 
Figure 13.- Continued. 
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(c) Concluded. Rolling-moment coefficient and y-awing-moment coefficient at basic CT = 2.7. 
Figure 13.- Concluded. 
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Figure 14.- Summary of the effect of differential propeller thrust on rolling-moment coefficient and on yawing-moment 
coefficient at several thrust coefficients for configuration C (Long span, 6f = 450). 
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Figure lb.- Concluded. 
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Figure 15.- Summary of the effect of differential propeller thrust on rolling-moment coefficient and on yawing-moment 
coefficient at several thrust coefficients for configuration D (long span, Sf = 75O) -
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.2 
.I 
0 
-. / 
.I 
ACn 
0 
.2 
.I 
(c) Concluded. 
Figure 15.- Concluded. 
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Figure 16.- Concluded. 
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(a) Or = 0 (propeller off). 
Figure 17.- Effect of spoiler projection for configuration A (long span, sf = O"). 
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Figure 17.- Continued. 
116 
8 
6 
5 
CL 
4 
3 
Q, dw CD 
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Figure 17.- Continued. 
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Figure 17.- Continued. 
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Figure 17.- Continued. 
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Figure 17.- Continued. 
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Figure 17.- Concluded. 
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Figure 18.- Effect of spoiler projection for configuration B (long span, S, = 32.5'). 
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Figu~ 18.- Continued. 
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Figure 1.8.- Continued. 
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~lgure 18.- Concluded. 
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(a) 0, = 0 (propeller off). 
Figure lg.- Effect of spoiler projection for configuration C (long span, 6f = 45O). 
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Figure lg.- Continued. 
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Figure lg.- Continued. 
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Figure lg.- Continued. 
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Figure lg.- Concluded. 
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(a) cr = 0 (propeller off). 
Figure 20.- Effect of spoiler projection for configuration D (long span, S, = 75'). 
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(b) Continued. 
Figure 20.- Continued. 
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Figure 20.- Continued. 
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Figure 20.- Continued. 
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(c) Continued. 
Figure 20.- Continued. 
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(c) Concluded. 
Figure 20.- Continued. 
a, deg cl? 
(d) cT = 2.7. 
Figure 20.- Continued. 
-4 0 4 8 12 16 20 24 28 
Q&e 
(d) Continued. 
Figure 20.- Continued. 
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Figure Xl.- Concluded. 
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(a) cr = 0 (propeller off). 
Figure 21.- Effect of spoiler projection for configuration E (short span, sf = 0'). 
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(a) Concluded. 
Figure 2l.- Continued. 
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Figure 21.- Continued. 
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(b) Continued. 
Figure 21.- Continued. 
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(b) Concluded. 
Figure 21.- Continued. 
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(c) CT = 0.45. 
Figure 21.- Continued. 
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Figure 21.- Continued. 
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(c) Concluded. 
Figure 2l.- Concluded. 
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(a) CT = 0 (propeller off). 
Figure 22.- Effect of spoiler projection for configuration F (short span, 6f = 45O). 
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(a) Concluded. 
Figure 22.- Continued. 
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Figure 22.- Continued. 
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Figure 22.- Continued. 
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Figure 22.- Continued. 
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Figure 22.- ContAmed. 
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Figure 22.- Continued. 
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Figure 22.- Continued. 
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Figure 22.- Continued. 
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??igu.re 22.- Continued. 
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Figure 22.- Concluded. 
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(a) C, = 0 (propeller off). 
mygure 23.- Effect of spoiler projection for configuration G (short span, Sp = 75’). 
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(a) Concluded. 
Figu173 23.- continued. 
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(b) C$, = 1.3. 
Figure 23.- Continued. 
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(b) Continued. 
Figure 23.- Continued. 
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Figure 23.- Continued. 
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Figure 23.- Continued. 
3.6 
3.2 
2.8 
2.4 
2.0 
G 
I.6 
I.2 
.8 
.4 
0 
-4 0 4 8 /2 /6 20 24 28 
a, de’g 
(c) Continued. 
Figure 23.- Continued. 
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Figure 23.- Continued. 
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Figure 23.- Continued. 
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(a) Continued. 
Figure 23.- Continued. 
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Wwre 23.- Concluded. 
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(a) Rolling-moment coefficient. 
Figure 24.- Summary of lateral-directional moments due to spoiler projection for configuration A 
(long span, 6f = O") at several thrust coefficients. 
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-.09 -.08 -.o 7 ,06 -.05 -.04 -.03 -.02 -.Of 0 .Of 
8s 
(b) Yawing-moment coefficient. 
Figure 24.- Concluded. 
187 
(a) Rolling-moment coefficient. 
Figure 25.- Summary of lateral-directional moments due to spoiler projection for configuration B 
(long span, 6f = 32.5O). 
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(b) Yawing-moment coefficient. 
Figure 25.- Concluded. 
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8s 
(a) Rolling-moment coefficient. 
Figure 26.- Summary of lateral-directional moments due to spoiler projection for configuration C 
(long span, 6f = 45O). 
x09 -.08 -.o 7 ~06 -.05 -.04 703 -.02 ,o/ 0 .O/ 
8s 
(b) Yawing-moment coefficient. 
Figure 26.- Concluded. 
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(a) RoUing-moment coefficient. 
7.- Summary of lateral-directional moments due to spoiler projection for configurat 
(long span, S, = 75O). 
.on D 
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(b) Yawing-moment coefficient. 
Figure 27.- Concluded. 
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(a) Rolling-moment coefficient. 
Figure 28.- Summary of lateral-directional moments due to spoiler projection for configuration E 
(short span, Sp = OO). 
-.09 -.08 -.o 7 ,06 -.05 -.04 703 -.02 701 0 .o/ 
8s 
(b) Yawing-moment coefficient. 
Figure 28.- Concluded. 
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8s 
(a) Rolling-moment coefficient. 
Figure 29.- Summary of lateral-directional moments due to spoiler projection for cqnfiguration F 
(short span, 6, = 450). 
(b) Yawing-moment coefficient. 
Figure s.- Concluded. ; 
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(a) Rolling-moment coefficient. 
Figure 30.- Summary of lateral-directional moments due to spoiler projection for configuration G 
(short span, 6-f = 75’). 
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(b) Yawing-moment coefficient. 
Figure 30.- Concluded. 
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Differential flap deflec/ion,&,deg Di f ferentiol propeller tbrust,ACT Spoiler projeclion, Fro&ion char 
(a) Configuration C: Sf = 45O; ldng span; a = 4'. 
Figure 31.- Sunmary of the effect of the tests of control devices. 
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Figure 31.- Concluded. 
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